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(54) Gas supply path structure, gas supply method, laser oscillating apparatus, exposure 
apparatus, and device production method 



(57) A gas supply path structure forms a fluid path 
for allowing a laser gas to flow into or out of a pair of 
fluid inlet and outlet 11a and a laser gas is controlled to 
a predeternnined subsonic speed at a throat portion. Gas 
supplies for controlling the speed of the gas are con- 



nected each to the fluid inlet and to the fluid outlet of the 
gas supply path structure and, together with a cooling 
device, compose a circulation system for controlling the 
speed and pressure of the laser gas at the fluid inlet and/ 
or at the fluid outlet. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a gas supply 
path structure and a gas supply nnethod adapted in such 
a way that a fluid path is fornned for a compressible fluid 
(nnainiy, compressible gas) to flow into or out of the path 
and that the fluid is ejected from a predetermined portion 
midway of the fluid path and. particularly, this gas supply 
path structure is suitably applicable to a laser oscillating 
apparatus using it for supply of a laser gas, an exposure 
apparatus having the laser oscillating apparatus as a 
component, and a device production method therewith. 

Related Background Art 

[0002] tn recent years so-called excimer lasers are 
drawing attention as high output lasers only which can 
be oscillated in the ultraviolet region, and they are ex- 
pected to be applied in the electronics industries, chem- 
ical industries, energy industries, etc., specifically, to 
processing, chemical reaction, etc. of metal, resin, 
glass, ceramics, semiconductors, and so on. 
[0003] The functional principles of excimer laser os- 
cillating apparatus wilt be described. First, a laser gas 
of Ar, Kr, Ne, Fg, He, Xe, CIg. or the like filled in a laser 
tube is brought into an excited state by electron beam 
irradiation, discharge, or the like. In the case of the KrF 
excimer laser, for example, the excited F atoms are cou- 
pled with inactive Kr atoms being in the ground state to 
create KrF. which is molecules existing only in the excit- 
ed state. These molecules are called excimers. The ex- 
cimers are instable and soon emit ultraviolet light to fall 
into the ground state. This phenomenon is called spon- 
taneous emission and the excimer laser oscillating ap- 
paratus is one making use thereof so as to amplify the 
emitted light into phase-aligned light in an optical reso- 
nator composed of a pair of reflectors and take it out in 
the form of a laser beam, 

[0004] The excimer laser oscillating apparatus is be- 
coming the mainstream of light sources used in various 
modern industries on one hand and has the problem of 
extremely short light emission time due to exhaustion of 
the laser gas with light emission on the other hand. 
Namely, particularly in the case of the KrF laser, the ArF 
laser, and the Fg laser among the excimer lasers, it is 
not easy to maintain the light emission over a long time, 
because a relatively long time is necessary for return 
from the state of light emission of the excited molecules 
to the original state of Fg molecules. 
[0005] In order to extend the light emission time by 
replenishment with the laser gas, it is necessary to al- 
ways supply the laser gas at high speed. Generation of 
gas flow at high speed, however, can result in forming 
a shock wave, which could cause incapability of func- 



tioning as a laser oscillating apparatus; specifically it 
could cause an offset of the optical axis of laser, loos- 
ening of joints for the laser gas, breakage of ceramics, 
metal fatigue, and so on. For example, when exposure 
or the like is carried out, vibration caused by the shock 
wave will be fatal disturbance rather than the above. 

SUMMARY OF THE INVENTION 

[0006] The present invention has been accomplished 
in view of the above problem and an object of the 
present invention is to provide a gas supply path struc- 
ture (and a gas supply method) that can suppress oc- 
currence of the shock wave while forming the gas flow 
at high speed close to the sound speed in simple struc- 
ture. A further object of the present invention is to pro- 
vide a laser oscillating apparatus with long emission 
time equipped with the gas supply path structure, an ex- 
posure apparatus with high performance equipped with 
the laser oscillating apparatus, and a method for pro- 
ducing a high-quality device by use of the exposure ap- 
paratus. 

[0007] A compressible fluid supply path structure ac- 
cording to the present invention is a compressible fluid 
supply path structure, said compressible fluid supply 
path structure being of a convergent-divergent nozzle 
type, 

said compressible fluid supply path structure com- 
prising: 

a fluid inlet into which a compressible fluid is made 
to flow; 

a throat portion for controlling said compressibleflu- 
id to a speed less than a sound speed; 
a fluid outlet of which said compressible fluid is 
made to flow out; and 

a circulation system for circulating said compressi- 
ble fluid flowing out of said fluid outlet into said fluid 
inlet. 

[0008] The compressible fluid supply path structure 
may be constructed in either one of the following con- 
figurations: 

a ratio of a pressure at said fluid inlet to a pressure 
at said fluid outlet is not less than a ratio of critical 
pressures; 

the compressible fluid supply path structure is 
shaped so as to decrease disturbance caused by 
said compressible fluid; 

the compressible fluid supply path structure is a 
structure without an inflection point; 
the compressible fluid supply path structure further 
comprises at least one pressure correcting means 
for correcting a pressure at said fluid inlet or at said 
fluid outlet; 

the correction for the pressure by said pressure cor- 
recting means is carried out near said fluid inlet; 
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the compressible fluid supply path structure further 
comprises at least one temperature correcting 
means for correcting a temperature at said fluid inlet 
or at said fluid outlet; 

said temperature correcting means has a cooling 
function and said cooling is effected near said fluid 
outlet; 

the compressible fluid supply path structure further 
comprises vertical width adjusting means for adjust- 
ing a vertical width of said throat portion; 
the compressible fluid supply path structure is sym- 
metric with respect to said throat portion at the cent- 
er. 

[0009] Another compressible fluid supply path struc- 
ture according to the present invention is a compressible 
fluid supply path structure comprising: 

a fluid inlet into which a compressible fluid is made 
to flow; 

a predetermined portion for controlling said com- 
pressible fluid to a speed less than a sound speed; 
a fluid outlet of which said compressible fluid is 
made to flow out; 

at least one temperature correcting means for cor- 
recting a temperature at said fluid inlet or at said 
fluid outlet; and 

a circulation system for circulating said compressi- 
ble fluid flowing out of said fluid outlet into said fluid 
inlet. 

[0010] The above compressible fluid supply path 
structure may be constructed so that said temperature 
correcting means has a cooling function and so that said 
cooling is effected near said fluid outlet. 
[001 1 ] A compressible fluid supply method according 
to the present invention is a compressible fluid supply 
method comprising; 

a step of making a compressible fluid flow into a fluid 
inlet of a compressible fluid supply path structure of 
a convergent-divergent nozzle type; 
a step of controlling said compressible fluid to a 
speed less than a sound speed, at a throat portion 
of said compressible fluid supply path structure; 
a step of making said compressible fluid flow out of 
a fluid outlet of said compressible fluid supply path 
structure; and 

a circulation step of circulating said compressible 
fluid flowing out of said fluid outlet, into said fluid 
inlet by a circulation system. 

[0012] In the above compressible fluid supply meth- 
od, said compressible fluid supply path structure may 
be arranged so that a ratio of a pressure at said fluid 
inlet to a pressure at said fluid outlet is not less than a 
ratio ot critical pressures. 

[001 3] Another compressible fluid supply method ac- 



cording to the present invention is a compressible fluid 
supply method comprising. 

a step of making a compressible fluid flow into a fluid 
5 inlet of a compressible fluid supply path structure; 
a step of controlling said compressible fluid to a 
speed less than a sound speed, at a predetermined 
portion of said compressible fluid supply path struc- 
ture; 

TO a step of making said compressible fluid flow out of 
a fluid outlet of said compressible fluid supply path 
structure; 

a step of correcting at least one of temperatures at 
said fluid inlet and at said fluid outlet by temperature 
15 correcting means of said compressible fluid supply 
path structure; and 

a circulation step of circulating said compressible 
fluid flowing out of said fluid outlet, into said fluid 
inlet by a circulation system. 

[0014] In the above compressible fluid supply meth- 
od, said temperature correcting means may have a cool- 
ing function and said cooling may be effected near said 
fluid outlet. 

[0015] A laser oscillating apparatus according to the 
present invention is a laser oscillating apparatus com- 
prising: 

a gas supply path structure for supplying a laser 
gas, said gas supply path structure being of a con- 
vergent-divergent nozzle type, 
said gas supply path structure comprising: 
a fluid inlet into which said laser gas is made to flow; 
a throat portion for controlling said laser gas to a 
speed less than a sound speed; and 
a fluid outlet ot which said laser gas is made to flow 
out. 

[0016] The laser oscillating apparatus may be con- 
structed in either one of the following configurations: 

said gas supply path structure further comprises a 
circulation system forcircuiating said laser gas flow- 
ing out ot said fluid outlet, into said fluid inlet; 
said gas supply path structure is arranged so that a 
ratio of a pressure at said fluid inlet to a pressure at 
said fluid outlet is not less than a ratio of critical pres- 
sures; 

said laser gas is an excimer laser gas which is a 
mixture of Fg gas with at least one inert gas selected 
from Kr, Ar, Ne, and He; 

said gas supply path structure is a structure without 
an inflection point; 

said gas supply path structure further comprises at 
least one pressure correcting means for correcting 
a pressure at said fluid inlet or at said fluid outlet; 
said gas supply path structure further comprises at 
least one temperature correcting means for correct- 
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ing a temperature at said fluid inlet or at said fluid 
outlet; 

said temperature correcting means has a cooling 
function and said cooling is effected near said fluid 
outlet; 

said gas supply path structure further comprises 
vertical width adjusting means for adjusting a verti- 
cal width of said throat portion; 
said circulation system is comprised of at least one 
bellows pump; 

said circulation system is comprised of at least one 
circulating pump; 

said circulation system is comprised of at least one 
blower; 

said circulation system is comprised of at least one 
Sirocco fan. 

[0017] Another laser oscillating apparatus according 
to the present invention is a laser oscillating apparatus 
comprising: 

a gas supply path structure group for supplying a 
laser gas, said gas supply path structure group be- 
ing of a shape of gas supply path structures of a 
convergent-divergent nozzle type connected in se- 
ries, 

said gas supply path structure group comprising: 

a fluid inlet into which said laser gas is made to flow; 

a central part for controlling said laser gas to a 

speed greater than a sound speed; and 

a fluid outlet of which said laser gas is made to flow 

out. 

[0018] The above laser oscillating apparatus may be 
constructed in either one of the following configurations: 

said gas supply path structure group further com- 
prises a circulation system for circulating said laser 
gas flowing out of said fluid outlet, into said fluid in- 
let; 

said laser gas is an excimer laser gas which is a 
mixture of Fg gas with at least one inert gas selected 
from Kr, Ar, Ne, and He; 

said gas supply path structure group is a structure 
without an inflection point; 
said gas supply path structure group further com- 
prises at least one pressure correcting means for 
correcting a pressure at said fluid inlet or at said fluid 
outlet 

said gas supply path structure group further com- 
prises at least one temperature correcting means 
tor correcting a temperature at said fluid inlet or at 
said fluid outlet; 

said gas supply path structure group further com- 
prises vertical width adjusting means for adjusting 
a vertical width of said central portion; 
said circulation system is comprised of at least one 
bellows pump; 
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said circulation system is comprised of at least one 
circulating pump; 

said circulation system is comprised of at least one 
blower; 

said circulation system is comprised of at least one 
Sirocco fan. 

[0019] An exposure apparatus according to the 
present invention is an exposure apparatus comprising: 

a laser oscillating apparatus, said laser oscillating 
apparatus generating illumination light, 
said laser oscillating apparatus comprising a gas 
supply path structure for supplying a laser gas, said 
gas supply path structure being of a convergent-di- 
vergent nozzle type, 

said gas supply path structure comprising: 

a fluid inlet into which said laser gas is made to 
flow; 

a throat portion for controlling said laser gas to 
a speed less than a sound speed; and 
a fluid outlet of which said laser gas is made to 
flow out, 

a first optical system for radiating said illumination 
light from said laser oscillating apparatus onto a ret- 
icle in which a predetermined pattern is formed; and 
a second optical system for radiating said illumina- 
tion light having passed through said reticle, onto a 
surface to be irradiated. 

[0020] Another exposure apparatus according to the 
present invention is an exposure apparatus comprising: 

a laser oscillating apparatus, said laser oscillating 
apparatus generating illumination light, 
said laser oscillating apparatus comprising a gas 
supply path structure group for supplying a laser 
gas, said gas supply path structure group being of 
a shape comprised of gas supply path structures of 
a convergent-divergent nozzle type connected in 
series, 

said gas supply path structure group compris- 
ing: 

a fluid inlet into which said laser gas is made to 
flow; 

a centra! part for controlling said laser gas to a 
speed greater than a sound speed; and 
a fluid outlet of which said laser gas is made to 
flow out, 

a first optical system for radiating said illumination 
light from said laser oscillating apparatus onto a ret- 
icle in which a predetermined pattern is formed; and 
a second optical system for radiating said illumina- 
tion light having passed through said reticle, onto a 
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surface to be irradiated. 

[0021] A device production method according to the 
present invention is a method for producing a device, 
said method comprising: 

a step of coating a workpiece surface to be irradiat- 
ed, with a photosensitive material; 
a step of effecting exposure of a predetermined pat- 
tern in said surface to be irradiated, coated with said 
photosensitive material, using the exposure appa- 
ratus as stated above; 

a step of developing said photosensitive material on 

said surface after the exposure; and 

a step of manufacturing a device from the exposed 

workpiece. 

[0022] The above device production method may be 
arranged so that said surface to be irradiated is a wafer 
surface and so that a semiconductor element is formed 
on said wafer surface. 

[0023] Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The accompanying drawings, which are incor- 
porated in and constitute a part of the specification, il- 
lustrate embodiments of the invention and, together with 
the description, serve to explain the principles of the in- 
vention. 

Fig. 1 is a schematic diagram to show the principal 
structure of the excimer laser oscillating apparatus 
according to the first embodiment; 
Figs. 2A and 2B are drawings to show a different 
form from Fig. 1 in the first embodiment; 
Fig. 3 is a schematic diagram to show the principal 
structure of the excimer laser oscillating apparatus 
according to the first embodiment; 
Fig. 4 is a schematic diagram to show a vertical 
width adjusting mechanism provided in a throat por- 
tion of the gas supply path structure; 
Fig. 5 is a characteristic diagram to show the rela- 
tion between (cross-sectional area of fluid outlet/ 
cross-sectional area of throat portion) and (pres- 
sure at fluid outlet/pressure at fluid inlet) in the gas 
supply path structure; 

Fig. 6 is a diagram to show the relation of conditions 
to gas velocity, Mach number, gas pressure, gas 
density, gas temperature, and sound speed at each 
of portions (fluid inlet, throat portion, fluid outlet) of 
the gas supply path structure; 
Fig. 7 is a characteristic diagram to show the rela- 
tion between (pressure at throat portion/pressure at 



fluid inlet) and (velocity at throat portion) in the gas 
supply path structure; 

Fig. 8 is a characteristic diagram to show the rela- 
tion between (pressure at an arbitrary point) / (pres- 

5 sure at the throat portion) and (temperature at an 
arbitrary point) / (temperature at the throat portion) 
in the gas supply path structure; 
Fig. 9 is a block diagram to totally show the relation 
of conditions in control of the gas supply path struc- 

70 ture; 

Figs. IDA and 108 are cross-sectional views to 
show only the gas supply path structure of the ex- 
cimer laser oscillating apparatus in Modification 1 
of the first embodiment; 

Fig. 11 is a cross-sectional view to show only the 
gas supply path structure of the excimer laser os- 
cillating apparatus in Modification 2 of the first em- 
bodiment; 

Fig. 12 is a diagram to show the relation of condi- 
tions to gas velocity, Mach number, gas pressure, 
gas density, gas temperature, and sound speed at 
each of portions (fluid inlet, light emission portion, 
fluid outlet) of the gas supply path structure; 
Fig. 13 is a cross-sectional side view to show the 
schematic structure of the excimer laser oscillating 
apparatus in Modification 3 of the first embodiment; 
Fig. 14 is a cross-sectional side view to show an- 
other example of the gas supply path structure in 
Modification 3 of the first embodiment; 
Fig. 15 is a schematic diagram to show a stepper 
of the second embodiment; 
Fig. 16 is a flowchart to show production steps of 
semiconductor devices using the stepper of the 
second embodiment; and 

Fig. 1 7 is a flowchart to show the details of the wafer 
process in Fig. 16. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

40 

[0025] Some specific embodiments as application of 
the present invention will be described in detail by ref- 
erence to the drawings. 



[0026] The first embodiment will be described first. 
The present embodiment is an example of the excimer 
laser oscillating apparatus which emits the so-called ex- 
so cimer laser light. 

[0027] Figs. 1 , 2A, 2B and 3 are schematic diagrams 
to show the principal structure of the excimer laser os- 
cillating apparatus according to the present embodi- 
ment. 

ss [0028] This excimer laser oscillating apparatus, as il- 
lustrated in Figs. 1 , 2A, 2B and 3, is comprised of a laser 
chamber 1 to which an excimer laser gas is supplied 
and which emits the laser light by exciting the laser gas 
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by discharge and resonating it, gas supply means 2 for 
supplying the laser gas to the laser chamber 1, and a 
cooling device 3 for cooling the laser gas heated. In the 
present example the laser chamber 1 is symmetric be- 
tween the inlet and the outlet of gas. with consideration 
to alternate change of flowing directions of the laser gas 
as described hereinafter 

[0029] Cooling of the laser gas is effected by supply 
of cooling water to gas feed frame 28 of Fig. 1 and by 
provision of radiation fins 29 in the gas supply means 2. 
The cooling device 3 does not have to be provided sep- 
arately, if a rise of temperature of the laser gas is rela- 
tively small. 

[0030] The excimer laser gas as a raw material in gen- 
eration of the excimer laser light is a mixture gas of F2 
gas and at least one inert gas selected from Kr, Ar, Ne, 
and He. Appropriate gas species may be selected and 
combined out of these species, depending upon a wave- 
length desired to use. For example, KrF is preferable in 
the case of generation of the laser light at the wave- 
length of 248 nm, ArF in the case of the wavelength of 
1 93 nm, and F2 in the case of the wavelength of 1 57 nm. 
Further, Kr2 is preferable in the case of the wavelength 
of 147 nm, ArKr in the case of the wavelength of 134 
nm, and Ar2 in the case of the wavelength of 126 nm. 
[0031] The laser chamber 1 is provided with a gas 
supply path structure 11 functioning as a laser tube, 
which is of a so-called convergent-divergent nozzle (al- 
so called a laval nozzle) type as a combination of a con- 
vergent shape for accelerating the flow of the laser gas 
with a divergent shape for decelerating the flow of the 
laser gas, as illustrated in Fig. 2B, and a waveguide tube 
1 2 for exciting the laser gas in this gas supply path struc- 
ture 11 into a plasma state. 

[0032] The gas supply path structure 11 is a nozzle 
which forms a flow path for allowing the laser gas to flow 
thereinto or out thereof through a pair of inlet/outlet ports 
Ha, which is shaped so as to be narrowest at the central 
part, and which controls the laser gas to a predeter- 
mined speed less than the sound speed (the predeter- 
mined speed will be referred to as subsonic speed) at 
the central part as described hereinafter. Note that a 
speed greater than the sound speed will be referred to 
as supersonic speed. Here the central part, where the 
flow velocity of the laser gas reaches the subsonic 
speed, serves as a light emitting portion 21 for emitting 
the laser light. As illustrated in Fig. 3, a pair of reflecting 
structures 22, 23, which are mirrors, prisms, or the like, 
are provided above and below this light emitting portion 
21 in the figure and these reflecting structures 22, 23 
function to align the phase of the light emitted from the 
light emitting portion 21 to generate the laser light. In 
the present embodiment the laser gas flows in two di- 
rections, i.e., to the left and to the right, in the gas supply 
path structure 11 and, therefore, the gas supply path 
structure 11 is symmetric with respect to the center. One 
of the inlet/outlet ports 11a sen/es as a fluid inlet and the 
other as a fluid outlet, depending upon the direction of 



the gas flow. 

[0033] The height (vertical width) of the passage of 
the laser gas at the light emitting portion 21 of this gas 
supply path structure 11 is fixed at a predetermined vat- 

5 ue in the example of Fig. 1 to Fig. 3, but the apparatus 
may be provided with a vertical width adjuster 21a for 
making the height of the light emitting portion 21 varia- 
ble, for example, as illustrated in Fig. 4. This vertical 
width adjuster 21a is a pair of members arranged so as 

10 to be variable in vertical directions, which are opposed 
to each other so as to define the height of the light emit- 
ting portion 21 at a predetermined value. The height may 
also be regulated by placing a detachable spacer at the 
light emitting portion 21 , instead of this vertical width ad- 

15 juster 21 a. A different gas supply path structure may al- 
so be realized by replacing the nozzle part with another. 
[0034] The waveguide tube 12 is a means for supply- 
ing a microwave to the laser gas in the gas supply path 
structure 11 and a plurality of elongate slots are formed 

20 in the bottom portion. When the microwave is guided 
from the upper part of the waveguide tube 12, the mi- 
crowave propagates in the waveguide tube 12 to be ra- 
diated through the slots 24 to the outside of the 
waveguide tube 12. The microwave thus radiated is 

25 guided through the slots 24 provided in the gas supply 
path structure 11 into the gas supply path structure 11. 
The microwave thus guided into the gas supply path 
structure excites the laser gas in the supply path struc- 
ture 11 to generate the excimer laser light. A RF (radio- 

30 frequency) preionization discharge electrode 30 is pro- 
vided in each of low-conductance portions 27 described 
hereinafter. 

[0035] The specific function of the gas supply path 
structure 11 will be described herein. For convenience' 
35 sake of explanation, analysis is made on the basis of 
the presumption that the laser gas is a compressible gas 
and a perfect, ideal gas and that the flow is steady, one- 
dimensional, isentropic flow 

[0036] The following is the basic equations for the per- 
40 feet, ideal gas and the isentropic, one-dimensional, 
steady flow thereof. 

Apv=A,(YP./pj''^ (1) 

45 

{Y/(Y-1)HP/p) + (1/2)v^ = 
[y(7-f 1)/{2(7-1)}].(P./pJ=: 

SO 

{Y/(Y-1)}'(Pin/Pin) (2) 
Pp'^ = const (3) 

55 

PV nRT (4) 
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[0037] Eq. (1 ) is the equation of continuity, Eq. (2) the 
Bernoulli equation of the isentropic flow, Eq. (3) the ad- 
iabatic law of perfect, Ideal gas. and Eq. (4) the equation 
of state of perfect, ideal gas. In these equations p rep- 
resents the density, P the pressure, v the velocity, T the 
temperature, and A the cross-sectional area. The mean- 
ings of subscripts are defined as follows; a character 
without any subscript represents a value at an arbitrary 
point in the gas supply path structure 11. a character 
with subscript "in" a value at the fluid inlet, a character 
with subscript "out" a value at the fluid outlet, a character 
with subscript "throut" a value at the throat portion, and 
a character with subscript a value at a virtual critical 
point at which the velocity of the gas flow becomes equal 
to a local sound speed. Further, y represents a ratio of 
specific heats, V the volume, n the number of moles, 
and R the gas constant. 

[0038] At this time the structure of the gas supply path 
structure 11 is of the convergent-divergent nozzle type 
and the following equation is derived from the above four 
equations. 



^oul^^throut - 
[{(Y - 1 )/2H2/(Y ^ 1 V{(P,,/P J^^ - 



(5) 



[0039] In this structure, when the speed of the gas 
flow at the throat portion 21 reaches a speed greater 
than the sound speed, there almost always occurs the 
shock wave at the fluid outlet. In the present embodi- 
ment a ratio of pressures at the fluid inlet and at the fluid 
outlet of the gas in the gas supply path structure 11 is 
kept not less than a ratio of critical pressures determined 
by Pou/Pin satisfying Eq. (5) so that the velocity of the 
gas at the throat portion 21 becomes the subsonic 
speed. Namely, the following relation holds where P'o^^ 
indicates an actually set pressure at the fluid outlet. 



(6) 



[0040] Further, the following relation holds when it is 
assumed herein that the gas flows in one direction. 



Pou/Pin ^ P'ou/Pin < 1 



[0041] When the gas supply path structure 11 is used 
as a laser tube where the velocity of the gas is the sub- 
sonic speed everywhere, it is preferable to use the throat 
portion as a laser emitting portion. 
[0042] Fig. 5 is a characteristic diagram to show the 
relation between (cross-sectional area of the fluid outlet/ 
cross-sectional area of the throat portion) and (pressure 
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at the fluid outlet/pressure at the fluid inlet). Since the 
excimer laser gas is composed mostly of monoatomic 
gas, the ratio of specific heats y is assumed to be 5/3. It 
is a matter of course that an average ratio of specific 
heats may also be used. Referring to Fig. 5, for example, 
supposing that the height at the fluid outlet (the vertical 
width of the fluid outlet) is double the height of the throat 
portion 21 (the vertical width of the narrowest part) (i.e., 
supposing a ratio of spatial cross-sectional areas of 
them is 2), the speed of the gas flow will not exceed the 
sound speed, so as not to cause the shock wave, when 
the pressure at the fluid outlet is not less than about 0.93 
times the pressure at the fluid inlet. For reference the 
gas speed at the throat portion 21 in the critical state is 
the sound speed. 

[0043] The sound speed of the gas is a function of gas 
temperature. In the case of the KrF excimer laser gas, 
for example, supposing that a mixture ratio of gases is 
Ne:Kr:F2= 94.9:5:0.1 and assuming that the mixed gas 
is an ideal gas having the mean molecular weight M (Ne: 
20.18/Kr:83.8/F2:38) of 23.4, the sound speed a is ex- 
pressed by the following equation. 



a = (yRT/M) 



1/2 



(8) 



[0044] Therefore, the sound speed at each tempera- 
ture is given by Table 1 below. 

TABLE 1 



Gas temperature 


Sound speed 


°C 


K 


m/sec 


-100 


173.15 


320.4 


0 


273.15 


402.4 


25 


298.15 


420.4 


100 


373.15 


470.3 


200 


473.15 


529.6 


300 


573.15 


582.9 



[0045] It is assumed herein that R is the gas constant, 
45 T absolute temperatures (K), and the ratio of specific 
heats Y the same as that of monoatomic molecules. It is 
thus seen from this relation that it is not desirable to ac- 
tively decrease the temperature of the inflow gas in the 
(7) case of gas replacement at higher speeds. Conversely 
50 speaking, there are also cases wherein it is rather de- 
sirable to heat the laser gas for high-speed replacement 
at or below the subsonic speed. For the same reason, 
it is suggested that cooling of the laser gas, if conducted, 
should be effected on the outlet side of the gas. 
55 [0046] Fig. 6 shows the relation of the conditions to 
the velocity Mach number, gas pressure, gas density, 
gas temperature, and sound speed at each of the por- 
tions (fluid inlet, throat portion, fluid outlet) of the gas 
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supply path structure 11. 

[0047] In this Fig. 6, block A indicates variations of the 
aforementioned conditions from the fluid inlet to' the 
throat portion 21 against the velocity (subsonic speed 
or supersonic speed) on side of the fluid inlet, while 
block B indicates variations of the aforementioned con- 
ditions from the throat portion 21 to the fluid outlet 
against the velocity (subsonic speed or supersonic 
speed) on side of the fluid outlet. When the velocity at 
the fluid inlet is the subsonic speed, the gas velocity thus 
increases with decrease in the distance to the throat por- 
tion 21 and reaches the maximum velocity at the throat 
portion 21. If this maximum velocity is the subsonic 
speed, the gas velocity will decrease with decrease in 
the distance to the fluid outlet. By using the gas supply 
path structure 11 of the convergent-divergent nozzle 
type as a laser chamber and adjusting the temperature 
and pressure at each portion in this way, it becomes pos- 
sible to control the gas velocity at the throat portion 21 
to the subsonic speed greater than those at the fluid inlet 
and at the fluid outlet. 

[0048] If in the shape of the gas supply path structure 
1 1 there exists an inflection point such as sudden ex- 
pansion or sudden contraction or the like, there is a pos- 
sibility that a region at or over the sound speed is formed 
in a portion except for the throat portion 21. Therefore, 
the gas supply path structure 11 is desirably shaped so 
as to expand (or contract) relatively gently without a sud- 
denly expanding portion. 

[0049] The following will describe specific condition 
setting or the like for controlling the velocity at the throat 
portion 21 at the subsonic speed as described above, 
referring to Fig. 9. 

[0050] The flow rate of the gas at the throat portion 21 
depends upon the pressure at the inlet, as indicated by 
Eq. (9) below. In the equation f represents the flow rate 
of the gas at the throat portion 21 and Pthrout P^®®- 
sure thereof. In this case, the relation between (pressure 
at the inlet/pressure at the throat portion) and (velocity 
at the throat portion) is as illustrated in Fig. 7. 

f = Pin/(RTi,)'''-[{2Y/(Y - l)W(Pthrou/Pin)^' " 

[0051] It is seen from Fig. 7 that the velocity at the 
throat portion 21 can be controlled to 300 (m/s) by set- 
ting the pressure at the inlet to 1 .67 (atm) and the pres- 
sure at the throat portion to 1 (atm). From the aforemen- 
tioned consideration with Fig. 5, where the ratio of cross- 
sectional areas of the fluid inlet and the throat portion 
21 is 2, the pressure at the outlet needs to be 1 .56 (atm). 
[0052] Since the pressure is relatively low at the out- 
let, it is expected that variation amounts at the outlet are 
greater than those in adjustment of the pressure at the 
inlet. It is thus preferable that the charging pressure of 
the laser gas be set to the pressure at the fluid outlet, 



the pressure at the inlet be kept up, and then the pres- 
sure at the outlet be kept constant. 
[0053] Since the critical condition is not employed in 
practical systems, the calculation according to Eq. (5) 
5 may also be carried out with the following substitution; 
Athrout ■ Pout ^ P. Aout A (where is the cross- 
sectional area at the virtual critical point and P and A 
are the pressure and cross-sectional area at an arbitrary 
point). 

10 [0054] Further, the following equation holds where Tj^ 
is the gas temperature at the fluid inlet, T the gas tem- 
perature at the arbitrary point, and P the gas pressure 
at the arbitrary point. In this case, the relation between 
(pressure at the arbitrary point/pressure at the throat 

15 portion) and (temperature at the arbitrary pointAemper- 
ature at the throat portion) is as illustrated in Fig. 8. 

T = Ti,(P/Pj,)*'''*'' (10) 

20 

[0055] At this time, for example, supposing that the 
gas temperature at the inlet is 25° C and that the state 
is adiabattc, the temperature at the light emitting portion 
is -30.3^*0 and the gas temperature at the outlet is 
25 16.9=*C. 

[0058] There are cases wherein unexpected variation 
occurs in the aforementioned conditions because of fric- 
tion caused by the flow of the laser gas or heatup at the 
throat portion 21 . It is thus desirable to realize the shape 

30 that can lessen the friction; specifically, the surface of 
the gas supply path structure 1 1 is formed,- for example, 
as a surface with high flatness or the surface is formed 
in structure without an inflection point (in smooth surface 
structure) by decreasing physical surface roughness by 

35 mechanical polishing, electrochemical buffing, or the 
like. At this time, in order to correct the ratio of critical 
pressures or the pressure at the fluid inlet in response 
to a rise of temperature occurring in the flow path (main- 
ly, in the throat portion 21 ) of the gas supply path struc- 

^0 ture 1 1 , it is preferable to monitor, for example, the tem- 
perature at the throat portion 21 (or monitor the velocity 
of gas at the throat portion 21 indirectly) and provide the 
system with a correcting means for finely adjusting the 
pressure at the inlet and/or the pressure at the outlet. It 

^5 can be contemplated that the specific function of the cor- 
recting means is to increase the pressure at the outlet 
when the velocity of gas is low at the throat portion 21 , 
for example. 

[0057] The relation of the conditions as described 
50 above is totally illustrated in Fig. 9. As illustrated, for ex- 
ample, where the pressure at the throat portion is de- 
sired to be set to 1 (atm) and the velocity of the gas at 
the throat portion to 300 (m/s), the pressure at the inlet 
is set to 1.67 (atm). In addition, where (the cross-sec- 
55 tional area of the throat portion/the cross-sectional area 
of the fluid inlet) is designed to be 1/2 and if the afore- 
mentioned friction is decreased to a negligible level, the 
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pressure at the outlet is set to 1.56 (atm). When these 
specific conditions are adopted, the velocity at the throat 
portion 21 can be controlled to a subsonic speed greater 
than the gas velocities at the inlet and at the outlet, spe- 
cifically to 300 (m/s) herein as described above, while s 
suppressing occurrence of the shock wave. 
[0058] Each gas supply 2 is connected to either of the 
fluid inlet and the fluid outlet of the gas supply path struc- 
ture 11 and they, together with the cooling device 3, 
compose a circulation systenn, which controls each of io 
the velocity and pressure of the excimer laser gas at the 
inlet and/or at the outlet as described above. In this ex- 
ample each gas supply 2 is composed of a plurality of 
bellows pumps 25 coupled in a matrix. 
[0059] Each bellows pump 25. as illustrated in Fig. 2A, is 
is composed of a long-life bellows portion 25a which can 
expand and contract, and a servomotor 25b which car- 
ries out a quick and precise operation for adjusting ex- 
pansion/contraction of this bellows portion 25a. Suppos- 
ing here that the cross-sectional area of the throat por- 20 
tion 21 is, for example, 250 mm X 2 mm (= 5 x 10-^ m^), 
the necessary gas flow rate at the throat portion 21 is 
0.11 m3/s (= 6.61 m3/min). Assuming that the operating 
time of the bellows pump 25 is 0.2 s (or that the exposure 
time is 0. 1 s), a volume of the gas pushed out every time 25 
by the bellowspump25 is 2.21 X IO-2 m3or2.30 X IO-2 
m^ at the Inlet or at the outlet, respectively. Since a 
standard block telescopic volume (a volume resulting 
from subtraction of a volume at the shortest stroke from 
a volume at a longest stroke) of the long-life bellows 30 
pump 25 having the inside diameter of 50 mm is 0.115 
X 10'^ m^, the bellows pumps 25 necessitated are 200 
blocks or so. In this example, taking the volume for the 
initial operation, a guide path, etc. into consideration, 
the bellows pumps 25 of 210 blocks are prepared on 3S 
each side. Since at most five blocks of bellows pumps 
25 can be connected in series vertically, there are upper 
and lower arrays in a matrix composed of twenty one 
cells of bellows pumps 25 each cell comprising five 
blocks, operating in symmetry, as illustrated in Fig. 1 and 40 
Fig. 3, thus composing each gas supply 2. 
[0060] The bellows portion 25a is formed in such heat- 
radiating structure as to match with the shape at the 
shortest stroke. This structure is desirably cylindrical in 
a sense of decreasing the gas contact area and the out- 4S 
er surface of the bellows portion 25a is desirably provid- 
ed with fin structure 29 for increasing the heat radiation 
area. If the rise of the temperature of the laser gas is not 
negligible, it can be handled by also providing the inner 
surface of the bellows portion 25a with the fin structure, so 
[0061] Since the bellows pumps 25 are arranged in 
series as described above, the atmospheric pressure 
outside the bellows pumps 25 is preferably set to a pres- 
sure higher than the pressure inside the bellows pumps 
25 in consideration of prevention of buckling. ss 
[0062] In order to increase work efficiency of the bel- 
lows pumps 25, it is necessary to control the volume of 
the supply system from the bellows pumps 25 to the 



throat portion 21 to the minimum. Thus, as illustrated in 
Fig. 3, hollow fluid paths 26 having the diameter 0 of 
about 4 mm, for example, are provided so as to couple 
each bellows pump 25 to the throat portion 21 . Further, 
the system is provided with the low-conductance portion 
and the RF preionization discharge electrode for form- 
ing the uniform gas flow in the vicinity of the throat por- 
tion 21 . These low-conductance portion and RF preion- 
ization discharge electrode can be constructed as a spa- 
tially common member and they are represented as an 
integral member of the low-conductance part 27 in the 
illustrated example. In this example the low-conduct- 
ance part 27 is, for example, 50 mm to 1 00 mm long and 
4 mm high and the throat portion 21 is about 4 mm long 
and 2 mm high. 

[0063] The cooling device 3 is connected to each gas 
supply 2 and has the function of cooling the laser gas. 
This cooling device 3, the gas supplies 2, and the gas 
supply path structure 11 compose a gas circulation sys- 
tem and the flowing directions of the laser gas are alter- 
nated by actuation of the bellows pumps 25 of the gas 
supplies 2. A preferred cooling method of the laser gas 
by the cooling device 3 is a way of cooling the heated 
laser gas after passage through the gas supply path 
structure 11 . This is for the following reasons. If the laser 
gas is preliminarily cooled before supply to the gas sup- 
ply path structure 11 the sound speed of the gas will be 
lowered so as to lower the upper limit of the initial sub- 
sonic speed. If the laser gas is cooled during accelera- 
tion thereof the velocity of the gas will be lowered. 
[0064] In Fig. 2A the cooling device 3 is placed sepa- 
rately from the gas supply path structure 11 and the gas 
supplies 2, but it is also possible to cool the laser gas in 
the hollow fluid paths 26 in the feed passage 28 of Fig. 
1, depending upon circumstances, as described previ- 
ously. Further, it is needless to mention that the heat ra- 
diation fins 29 of the bellows portions 25a and the bel- 
lows portions 25a themselves have the function as a 
cooler. 

[0065] Conversely, the preliminary heating of the la- 
ser gas is effective to increase of sound speed. Howev- 
er, heating, particularly, of the throat portion 21 (also in- 
cluding heating due to the microwave) should better be 
avoided, because a choke phenomenon (an apparent 
decrease of cross-sectional area due to healing) occurs 
so as to make it difficult to satisfy the designed gas flow 
rate, though it contributes to the increase of the gas ve- 
locity. When this problem due to the heating is pro- 
nounced, the operating pressure of the bellows pumps 
25 should be changed, because it changes the substan- 
tial ratio of cross-sectional areas. 
[0066] As described above, the excimer laser oscillat- 
ing apparatus of the first embodiment is arranged to set 
the pressure and velocity of the gas at the outlet and/or 
at the inlet and employs the gas supply path structure 
11 of the convergent-divergent nozzle type in the laser 
chamber 1 . This makes it possible to control the velocity 
of the excimer laser gas in the light emitting portion 21 



9 



17 



EP 0 997 225 A1 



18 



to the predetermined subsonic speed while suppressing 
the occurrence of the shock wave, about which concern 
grows with proximity tothe sound speed. The gas supply 
path structure can thus be replenished quickly with the 
excimer laser gas, which is apt to be exhausted, without 
concern about the occurrence ot the shock wave. There- 
fore, the present embodiment realizes the excimer laser 
oscillating apparatus that can maintain the stable light 
emission over a long time. 

[0067] Thanks to this totally simple structure, all the 
surfaces can be subjected to a surface treatment for 
suppressing degassing as impurities to the laser gas or 
a fluorine passivation treatment under a perfect control 
of consumption of F2 gas, which is also extremely effec- 
tive to extension of the life of the laser gas. 
[0068] Some modifications of the excimer laser oscil- 
lating apparatus according to the first embodiment will 
be described below. Each of the members etc. de- 
scribed in the first embodiment will be denoted by the 
same symbol and the description thereof will be omitted. 

Modification 1 

[0069] This excimer laser oscillating apparatus of 
Modification 1 has the structure approximately similar to 
that of the first embodiment, but is different in the shape 
of the portion corresponding to the gas supply path 
structure. Figs. IDA and 10B are cross-sectional side 
views to show only the gas supply path structure of the 
excimer laser oscillating apparatus of Modification 1. 
[0070] A gas supply path structure group 31 is com- 
posed of a pair of gas supply path structures 11 con- 
nected in series (the size of the individual gas supply 
path structures 11 can be different from the gas supply 
path structure 11 of the first embodiment), in which the 
front-end gas supply path structure 11 serves as a su- 
personic acceleration portion 31a, the post-end gas 
supply path structure 11 as a supersonic deceleration 
portion 31b, and the central part as a light emitting por- 
tion 32. In this gas supply path structure group 31 the 
velocity of the gas at the light emitting portion 32 can be 
controlled to the supersonic speed by adjusting the gas 
velocity, the gas pressure, or the like at the inlet and/or 
at the outlet of the excimer laser gas, for example, by 
replacing P^yt in Eq. (5) with a pressure P^j^ at the light 
emitting portion 32 of Fig. 10A and making a pressure 
difference not less than the determined ratio of critical 
pressures. 

[0071] With a pair of the aforementioned, predeter- 
mined portions having the narrowest width (the cross- 
sectional area of which is represented by Aacc, Adef), 
the condition of Aacc < Adef needs to be satisfied at the 
start herein. Therefore, where the gas flowing directions 
in the gas supply path structure group 31 are the two 
ways, the cross-sectional areas Aacc, Adef have to be 
variable. In order to make variable the height (vertical 
width) of the passage of the laser gas in the pair of pre- 
determined portions of gas supply path structures 11, 



each of the pair of predetermined portions is provided 
with a vertical width adjuster 33, for example, as illus- 
trated in Fig. 10B. Each of these vertical width adjusters 
33 is composed, for example, of a pair of members hav- 
5 ing a triangular sectional shape, whereby the vertical 
width can be changed by rocking the members on the 
fulcrum P. 

[0072] As described above, the excimer laser oscillat- 
ing apparatus ot Modification 1 uses the paired gas sup- 

10 ply path structure group 31 of the convergent-divergent 
nozzle type in the laser chamber 1 and is arranged to 
adjust the pressure and velocity of the gas at the inlet 
and/or at the outlet, so that it can control the velocity of 
the excimer laser gas in the light emitting portion 32 to 

IS the predetermined supersonic speed while suppressing 
the occurrence of the shock wave, which can occur un- 
der almost all the conditions over the sound speed. 
Therefore, the gas supply path structure group can be 
replenished quickly with the excimer laser gas, which is 

20 apt to be exhausted, without concern about the occur- 
rence of the shock wave. Modification 1 can also realize 
the excimer laser oscillating apparatus that can maintain 
the stable light emission over a long time. 

25 Modification 2 

[0073] This excimer laser oscillating apparatus of 
Modification 2 has the structure approximately similar to 
that of the first embodiment but is different in the shape 

30 of the portion corresponding to the gas supply path 
structure. Fig. 11 is a cross-sectional view to show only 
the gas supply path structure of the excimer laser oscil- 
lating apparatus of Modification 2. 
[0074] In Modification 2 the gas supply path structure 

35 is a gas supply path structure 41 having the constant 
height, which has been used heretofore. A heating/cool- 
ing device 42 is placed at the inlet of the gas of the gas 
supply path structure 41 and a heating/cooling device 
43 at the outlet. Fig. 12 shows the relation of the condi- 

40 tions to the velocity, Mach number, gas pressure, gas 
density, gas temperature, and sound speed at each of 
the portions (the inlet, the light emitting portion, the out- 
let) of the gas supply path structure 41, where the inlet 
of gas is heated while the outlet is cooled, ignoring oc- 

45 currence of friction due to the gas flow inside the gas 
supply path structure 41 . 

[0075] In this Fig. 1 2, similar to Fig. 6 described in the 
first embodiment, block A represents variations of the 
aforementioned conditions from the inlet to the light 

50 emitting portion (which is assumed to exist near the cen- 
tral part herein) against the velocity (subsonic speed or 
supersonic speed) on side of the inlet and block B rep- 
resents variations of the aforementioned conditions 
from the light emitting portion to the outlet against the 

55 velocity (subsonic speed or supersonic speed) on side 
of the outlet. For example, supposing the velocity at the 
inlet is the subsonic speed and the inlet is heated by the 
heating/cooling device 42, the velocity of the gas in- 
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creases to the maximum at the light emitting portion. 
Supposing this maximum speed is the subsonic speed 
and the outlet is cooled, the velocity of the gas decreas- 
es with decrease in the distance to the outlet. By em- 
ploying this gas supply path structure 41 for the laser 
chamber 1 and adjusting the temperature and pressure 
at each of the portions, the velocity at the light emitting 
portion can be controlled to the subsonic speed greater 
than the speeds at the inlet and at the outlet, while sup- 
pressing the occurrence of the shock wave. 
[0076] The excimer laser oscillating apparatus of 
Modification 2, however, needs high thermal energy for 
the control of the gas supply path structure 41 , and it is 
thus more practical to use it, for example, in combination 
with the gas supply path structure 11 in Fig. 2B or with 
the gas supply path structure group 31 in Fig. IDA. 
[0077] As described above, the excimer laser oscillat- 
ing apparatus of Modification 2 employs the gas supply 
path structure 41 having the constant height in the laser 
chamber 1 and is arranged to adjust the pressure and 
velocity of the gas at the inlet and/or at the outlet, so that 
it can control the velocity of the excimer laser gas in the 
light emitting portion to the predetermined subsonic 
speed, while suppressing the occurrence of the shock 
wave, about which concern grows with proximity to the 
sound speed. Therefore, the gas supply path structure 
can be replenished quickly with the excimer laser gas, 
which is apt to be exhausted, without concern about the 
occurrence of the shock wave. The present modification 
can also realize the excimer laser oscillating apparatus 
that can maintain the stable light emission over a long 
time. 

Modification 3 

[0078] This excimer laser oscillating apparatus of 
Modification 3 has the structure approximately similar to 
that of the first embodiment and is different in the shape 
of the portion corresponding to the gas supply means 2. 
Fig. 13 is a cross -sectional side view to show the sche- 
matic structure of the excimer laser oscillating appara- 
tus of Modification 3. 

[0079] Modification 3 has the gas supply path struc- 
ture 11 of the convergent<iivergent nozzle type in the 
laser chamber 1, similar to the first embodiment, but 
each gas supply means 51 is comprised of a multiblade 
fan (Sirocco fan), a blower, a circulating pump, or the 
like. Since the flowing direction of the excimer laser gas 
is thus regulated to one direction, the gas supply path 
structure 1 1 does not always have to be symmetric with 
respect to the center It is thus better to use the gas sup- 
ply path structure of the shape optimized for the shape 
of the acceleration nozzle at the inlet and for the shape 
of the deceleration nozzle at the outlet, for example as 
illustrated in Fig. 14, taking the control of the gas veloc- 
ity, the gas pressure, etc. at the inlet and at the outlet 
into consideration. 

[0080] As described above, the excimer laser oscillat- 



ing apparatus of Modification 3 employs the gas supply 
path structure 11 of the convergent-divergent nozzle 
type in the laser chamber 1 and is arranged to adjust 
the gas pressure and the gas velocity at the inlet and/or 
5 at the outlet, so that it can control the velocity of the ex- 
cimer laser gas in the throat portion to the predeter- 
mined subsonic speed while suppressing the occur- 
rence of the shock wave, about which concern grows 
with proximity to the sound speed. Therefore, the gas 
TO supply path structure can be replenished quickly with 
the excimer laser gas, which is apt to be exhausted, 
without concern about the occurrence of the shock 
wave. The present modification can also realize the ex- 
cimer laser oscillating apparatus that can maintain the 
IS stable light emission over a long time. 

[0081] In addition, the gas supply path structure does 
not always have to be symmetric with respect to the 
center, and the restraint on the shape is thus relaxed, 
so as to permit use of gas supply path structures in 
20 shapes according to various conditions. 

[0082] The present embodiment and the modifica- 
tions thereof showed the examples of the excimer laser 
oscillating apparatus using the gas supply path structu re 
under the predetermined conditions, but it should be 
25 noted that the present invention is not limited to these. 
The gas supply path structure has the excellent effect 
of capability of easily and safely forming the gas flow at 
the subsonic speed close to the sound speed without 
concern about the occurrence of the shock wave. The 
30 present embodiment showed the excimer laser oscillat- 
ing apparatus as an example most requiring this effect, 
and it is needless to mention that it can also be applied 
to other various devices and systems. For example, as 
stated in the present embodiment, the gas supply path 
35 structure 11 can also be applied to a variety of cooling 
devices, by making use of the effect in which use of the 
gas supply path structure 11 permits the suddenly low- 
ered temperature of gas at the light emitting portion to 
be realized under the conditions of the predetermined 
40 pressure etc. while keeping the gas temperature at the 
inlet and at the outlet, approximately at ordinary temper- 
ature. 

[0083] The gas supply path structure is also suitably 
applicable to all devices for high-speed gas cooling or 
"^5 replacement used in facilities requiring low vibration, 
particularly, such as clean rooms, because the occur- 
rence of the shock wave is suppressed. 



50 



(Second Embodiment) 



[0084] The second embodiment will be described be- 
low. The second embodiment shows an example of the 
exposure apparatus (stepper) having the excimer laser 
oscillating apparatus described in the first embodiment 
55 (and the modifications thereof) as a laser light source. 
Fig. 15 is a schematic diagram to show the principal 
structure of this stepper 

[0085] This stepper is comprised of an optical system 
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111 forradiatingillumination light to a reticle 101 in which 
a desired pattern is drawn, a projection optical system 

1 1 2 to which the illumination light having passed through 
the reticle 101 is incident and which is for projecting the 
pattern of the reticle 101 onto a surface of wafer 102 at 
a demagnification ratio, a wafer chuck 11 3 on which the 
wafer 102 is mounted and fixed, and a wafer stage 114 
to which the wafer chuck 113 is fixed. 

[0086] The optical system 1 1 1 is composed of the ex- 
cimer laser oscillating apparatus 1 21 of the first embod- 
iment as a light source for emitting the excimer laser light 
at high luminance as the illumination light, a beam shape 
converting device 122 for converting the illumination 
light from the light source 121 into a desired beam 
shape, an optical integrator 123 comprised of a plurality 
of cylindrical lenses or microlenses arranged two-di- 
mensionalty, a stop member 124 which can be replaced 
with an arbitrary stop by means of an unrepresented 
switch and which is placed near the position of second- 
ary light sources formed by the optical integrator 1 23, a 
condenser lens 1 25 for condensing the illumination light 
having passed through the stop member 124, a blind 

127 which is composed, for example, of four variable 
blades and which is placed on a conjugate plane with 
the reticle 101 to determine an arbitrary illumination 
range on the surface of the reticle 101 , an imaging lens 

128 for projecting the illumination light determined in the 
predetermined shape by the blind 127 onto the surface 
of the reticle 101, and a bending mirror 129 for reflecting 
the illumination light from the imaging lens 128 toward 
the reticle 101. 

[0087] Now described is the operation for projecting 
the pattern of the reticle 101 onto the surface of the wa- 
fer 102 at the demagnification ratio, using the stepper 
constructed in the above structure. 
[0088] First, the illumination light emitted from the 
light source 121 is converted Into the predetermined 
shape by the beam shape converter 122 and thereafter 
is directed to the optical integrator 123. At this time a 
plurality of secondary light sources are formed near the 
exit surface of the optical integrator 123. The illumina- 
tion light from these secondary light sources travels 
through the stop member 124 to be condensed by the 
condenser lens 1 25 and then the illumination light is de- 
fined in the predetermined shape by the blind 127. After 
that, the illumination light travels through the imaging 
lens 128 to be reflected by the bending mirror 129 to- 
ward the reticle 101 . Subsequently, the illumination light 
passes through the pattern of the reticle 101 to be inci- 
dent to the projection optical system 112. Then the illu- 
mination light passes through the projection optical sys- 
tem 112, so that the pattern is reduced into the prede- 
termined size to be projected onto the surface of the wa- 
fer 102, thus effecting exposure. 
[0089] With the stepper of the present embodiment, 
the use of the excimer laser oscillating apparatus of the 
first embodiment as a laser light source permits the light 
emission of high-power excimer laser light for a relative- 



ly long time, whereby the exposure can be carried out 
quickly and accurately on the wafer 102. 
[0090] Next described is an example of a method for 
producing semiconductor apparatus (semiconductor 
s devices) by use of the projection exposure apparatus 
described referring to Fig. 15. 

[0091] Fig. 16 shows a flow of production steps for 
producing the semiconductor devices (such as semi- 
conductor chips of IC. LSI, etc., liquid -crystal panels, 

10 CCDs, or the like). First, step 1 (circuit design) is a step 
of designing circuits of the semiconductor devices. Step 
2 (production of mask) is a step of producing a mask in 
which the circuit pattern designed is formed. On the oth- 
er hand, step 3 (production of wafer) is a step of produc- 
es ing a wafer of a material such as silicon or the like. Step 
4 (wafer process) is called a pre-step in which actual 
circuits are formed on the wafer by the photolithography 
technology, using the mask and wafer prepared as de- 
scribed above. Next step 5 (assembly) is called a post 

20 step which is a step of forming semiconductor chips from 
the wafer prepared in step 4 and which includes steps 
such as an assembly step (dicing, bonding), a packag- 
ing step (encapsulation of chip), and so on. Step 6 (in- 
spection) is a step of carrying out inspection including 

25 an operation check test, a durability test, and so on for 
the semiconductor devices produced in step 5. The 
semiconductor devices are completed through such 
steps and they are shipped (step 7). 
[0092] Fig. 1 7 shows a detailed flow of the above wa- 

30 fer process. Step 1 1 (oxidation) is a step of oxidizing the 
surface of the wafer. Step 12 (CVD) is a step of forming 
an electroconductive film or an electrically insulating film 
on the wafer surface by vapor phase reaction. Step 13 
(PVD) is a step of forming an electroconductive film or 

35 an electrically insulating film on the wafer by sputtering 
or vapor deposition. Step 14 (ion implantation) is a step 
of implanting ions into the wafer. Step 15 (resist process) 
is a step of coating the wafer with a photosensitive 
agent. Step 1 6 (exposure) is a step of printing the circuit 

40 pattern of the mask onto the wafer by the projection ex- 
posure apparatus described above. Step 17 (develop- 
ment) is a step of developing the exposed wafer. Step 
1 8 (etching) is a step of etching away portions other than 
the resist image developed. Step 19 (peeling of resist) 

45 is a step of removing the resist which is now unneces- 
sary after completion of the etching. These steps are 
carried out repeatedly to form multilayer circuit patterns 
on the wafer. 

[0093] Use of this production method permits the 
50 semiconductor devices of high integration, which were 
hard to produce heretofore, to be produced readily and 
accurately at a high yield. 

[0094] The present invention makes it possible to pro- 
vide the gas supply path structure (and the gas supply 
55 method) capable of suppressing the occurrence of the 
shock wave while forming the high-speed flow close to 
the sound speed in the simple structure. Particularly, 
when this gas supply path structure is applied to the ex- 
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ctmer laser oscillating apparatus, the apparatus can be 
replenished with the excimer laser gas, which is apt to 
be exhausted, without concern about the occurrence of 
the shock wave, and the apparatus can maintain the sta- 
ble light emission over a long time. 



Claims 

1. A compressible fluid supply path structure, said 
compressible fluid supply path structure being of a 
convergent-divergent nozzle type, 

said compressible fluid supply path structure 
comprising: 

a fluid inlet into which a compressible fluid is 
made to flow; 

a throat portion for controlling said compressi- 
ble fluid to a speed less than a sound speed; 
a fluid outlet of which said compressible fluid is 
made to flow out; and 

a circulation system lor circulating said com- 
pressible fluid flowing out of said fluid outlet, in- 
to said fluid inlet. 

2. The compressible fluid supply path structure ac- 
cording to Claim 1 , wherein a ratio of a pressure at 
said fluid inlet to a pressure at said fluid outlet is not 
less than a ratio of critical pressures. 

3. The compressible fluid supply path structure ac- 
cording to Claim 1, which is shaped so as to de- 
crease disturbance caused by said compressible 
fluid. 

4. The compressible fluid supply path structure ac- 
cording to Claim 1, which is a structure without an 
inflection point. 

5. The compressible fluid supply path structure ac- 
cording to Claim 1, further comprising; 

at least one pressure correcting means for 
correcting a pressure at said fluid inlet or at said fluid 
outlet. 

6. The compressible fluid supply path structure ac- 
cording to Claim 5, wherein the correction for the 
pressure by said pressure correcting means is car- 
ried out near said fluid inlet. 

7. The compressible fluid supply path structure ac- 
cording to Claim 1, further comprising; 

at least one temperature correcting means for 
correcting a temperature at said fluid inlet or at said 
fluid outlet. 

8. The compressible fluid supply path structure ac- 
cording to Claim 7, wherein said temperature cor- 



recting means has a cooling function and said cool- 
ing is effected near said fluid outlet. 

9. The compressible fluid supply path structure ac- 
5 cording to Claim 1 , further comprising: 

vertical width adjusting means for adjusting a 
vertical width of said throat portion. 

10. The compressible fluid supply path structure ac- 
10 cording to Claim 1 , which is symmetric with respect 

to said throat portion at the center. 

11. A compressible fluid supply path structure compris- 
ing: 

75 

a fluid inlet into which a compressible fluid is 
made to flow; 

a predetermined portion for controlling said 
compressible fluid to a speed less than a sound 
20 speed; 

a fluid outlet of which said compressible fluid is 
made to flow out; 

at least one temperature correcting means for 
correcting a temperature at said fluid inlet or at 
2S said fluid outlet; and 

a circulation system for circulating said com- 
pressible fluid flowing out of said fluid outlet, in- 
to said fluid inlet. 

30 12. The compressible fluid supply path structure ac- 
cording to Claim 11 , wherein said temperature cor- 
recting means has a cooling function and said cool- 
ing is effected near said fluid outlet. 

55 13. A compressible fluid supply method comprising: 

a step of making a compressible fluid flow into 
a fluid inlet of a compressible fluid supply path 
structure of a convergent-divergent nozzle 
^0 type; 

a step of controlling said compressible fluid to 
a speed less than a sound speed, at a throat 
portion of said compressible fluid supply path 
structure; 

^5 a step of making said compressible fluid flow 

out of a fluid outlet of said compressible fluid 
supply path structure; and 
a circulation step of circulating said compress- 
ible fluid flowing out of said fluid outlet, into said 
^0 fluid inlet by a circulation system. 

14. The compressible fluid supply method according to 
Claim 13, wherein said compressible fluid supply 
path structure is arranged so that a ratio of a pres- 

55 sure at said fluid inlet to a pressure at said fluid out- 
let is not less than a ratio of critical pressures. 

15. A compressible fluid supply method comprising: 
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a step of making a compressible fluid flow into 
a fluid inlet of a compressible fluid supply path 
structure; 

a step of controlling said compressible fluid to 
a speed less than a sound speed, at a prede- ^ 
tenmined portion of said compressible fluid sup- 
ply path structure; 

a step of making said compressible fluid flow 
out of a fluid outlet of said compressible fluid 
supply path structure; 

a step of correcting at least one of temperatures 
at said fluid inlet and at said fluid outlet by tem- 
perature correcting means of said compressi- 
ble fluid supply path structure; and 
a circulation step of circulating said compress- 
ibie fluid flowing out of said fluid outlet, into said 
fluid inlet by a circulation system. 

1 6. The compressible fluid supply method according to 
Claim 15, wherein said temperature correcting 20 
means has a cooling function and said cooling is 
effected near said fluid outlet. 



1 7, wherein said laser gas is an excimer laser gas 
which is a mixture of F2 gas with at least one inert 
gas selected from Kr, Ar, Ne, and He. 

21. The laser oscillating apparatus according to Claim 
17, which comprises: 

said gas supply path structure for supplying 
said laser gas, 

said gas supply path structure being a structure 
without an inflection point. 

22. The laser oscillating apparatus according to Claim 
17, which comprises: 

said gas supply path structure for supplying 
said laser gas, 

said gas supply path structure further compris- 
ing: 

at least one pressure correcting means for cor- 
recting a pressure at said fluid inlet or at said 
fluid outlet. 



17. A laser oscillating apparatus comprising: 

a gas supply path structure for supplying a laser 

gas. said gas supply path structure being of a 

convergent-divergent nozzle type, 

said gas supply path structure comprising: 

a fluid inlet into which said laser gas is made to 

flow; 

a throat portion for controlling said laser gas to 
a speed less than a sound speed; and 
a fluid outlet of which said laser gas is made to 
flow out. 

18. The laser oscillating apparatus according to Claim 
17, which comprises: 

said gas supply path structure for supplying 
said laser gas, 

said gas supply path structure further compris- 
ing: 

a circulation system for circulating said laser 
gas flowing out of said fluid outlet, into said fluid 
inlet. 

19. The laser oscillating apparatus according to Claim 
17, which comprises: 

said gas supply path structure for supplying 
said laser gas, 

said gas supply path structure being arranged 
so that a ratio of a pressure at said fluid inlet to 
a pressure at said fluid outlet is not less than a 
ratio of critical pressures. 

20. The laser oscillating apparatus according to Claim 



23. The laser oscillating apparatus according to Claim 
25 17, which comprises: 

said gas supply path structure for supplying 
said laser gas, 

said gas supply path structure further compris- 
30 ing: 

at least one temperature correcting means for 
correcting a temperature at said fluid inlet or at 
said fluid outlet. 

35 24. The laser oscillating apparatus according to Claim 
23, which comprises: 

said gas supply path structure for supplying 
said laser gas, 

40 wherein said temperature correcting means 

has a cooling function and wherein said cooling 
is effected near said fluid outlet. 

25, The laser oscillating apparatus according to Claim 
45 which comprises: 

said gas supply path structure for supplying 
said laser gas, 

said gas supply path structure further compris- 
so ing: 

vertical width adjusting means for adjusting a 
vertical width of said throat portion. 

26. The laser oscillating apparatus according to Claim 
55 18, which comprises: 

said gas supply path structure for supplying 
said laser gas, 
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wherein said circulation system is comprised of 
at (east one bellows pump. 

27. The laser oscillating apparatus according to Claim 
^Q, which comprises: 

said gas supply path structure tor supplying 
said laser gas, 

wherein said circulation system is comprised of 
at least one circulating pump. 

28. The laser oscillating apparatus according to Claim 
18, which comprises: 

said gas supply path structure for supplying 
said laser gas, 

wherein said circulation system is comprised of 
at least one blower. 

29. The laser oscillating apparatus according to Claim 
18, which comprises: 

said gas supply path structure for supplying 
said laser gas, 

wherein said circulation system is comprised of 
at least one Sirocco fan. 

30. A laser oscillating apparatus compnsing; 

a gas supply path structure group for supplying 
a laser gas, said gas supply path structure 
group being of a shape of gas supply path struc- 
tures of a convergent-divergent nozzle type 
connected in series, 

said gas supply path structure group compris- 
ing: 

a fluid inlet into which said laser gas is made to 
flow; 

a central part for controlling said laser gas to a 
speed greater than a sound speed; and 
a fluid outlet of which said laser gas is made to 
flow out. 

31. The laser oscillating apparatus according to Claim 
30, which comprises: 

said gas supply path structure group for sup- 
plying said laser gas, 

said gas supply path structure group further 
comprising: 

a circulation system for circulating said laser 
gas flowing out of said fluid outlet, into said fluid 
inlet. 

32. The laser oscillating apparatus according to Claim 
30, wherein said laser gas is an excimer laser gas 
which is a mixture of Fg gas with at least one inert 
gas selected from Kr, Ar, Ne, and He. 



33. The laser oscillating apparatus according to Claim 
30, which comprises: 

said gas supply path structure group for sup- 
5 plying said laser gas, 

said gas supply path structure group being a 
structure without an inflection point. 

34. The laser oscillating apparatus according to Claim 
TO 30, which comprises: 

said gas supply path structure group for sup- 
plying said laser gas, 

said gas supply path structure group further 
comprising: 

at least one pressure correcting means for cor- 
recting a pressure at said fluid inlet or at said 
fluid outlet. 

20 35. The laser oscillating apparatus according to Claim 
30, which comprises: 

said gas supply path structure group for sup- 
plying said laser gas, 
^5 said gas supply path structure group further 

comprising: 

at least one temperature correcting means for 
correcting a temperature at said fluid inlet or at 
said fluid outlet. 

30 

36. The laser oscillating apparatus according to Claim 

30, which comprises: 

said gas supply path structure group for sup- 
35 plying said laser gas, 

said gas supply path structure group further 
comprising: 

vertical width adjusting means for adjusting a 
vertical width of said central portion. 

40 

37. The laser oscillating apparatus according to Claim 

31, which comprises: 

said gas supply path structure group for sup- 
^5 plying said laser gas, 

wherein said circulation system is comprised of 
at least one bellows pump. 

38. The laser oscillating apparatus according to Claim 
50 31, which comprises: 

said gas supply path structure group for sup- 
plying said laser gas, 

wherein said circulation system is comprised of 
55 at least one circulating pump. 

39. The laser oscillating apparatus according to Claim 
31, which comprises: 
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said gas supply path structure group for sup- 
plying said laser gas, 

wherein said circulation system is comprised of 
at least one blower. 

40. The laser oscillating apparatus according to Claim 
31 , which comprises: 

said gas supply path structure group for sup- 
plying said laser gas, 

wherein said circulation system is comprised of 
at least one Sirocco fan. 

41. An exposure apparatus comprising: 

a laser oscillating apparatus, said laser oscillat- 
ing apparatus generating illumination light, 
said laser oscillating apparatus comprising a 
gas supply path structure for supplying a laser 
gas. said gas supply path structure being of a 
convergent-divergent nozzle type, 

said gas supply path structure comprising: 
a fluid inlet into which said laser gas is 
made to flow; 

a throat portion for controlling said laser 
gas to a speed less than a sound speed; 
and 

a fluid outlet of which said laser gas is 
made to flow out, 

a first optical system for radiating said illumina- 
tion light from said laser oscillating apparatus 
onto a reticle in which a predetermined pattern 
is formed; and 

a second optical system for radiating said illu- 
mination light having passed through said reti- 
cle, onto a surface to be irradiated. 



a first optical system for radiating said illumina- 
tion light from said laser oscillating apparatus 
onto a reticle in which a predetermined pattern 
is formed; and 

5 a second optical system for radiating said illu- 

mination light having passed through said reti- 
cle, onto a surface to be irradiated. 

43. A method for producing a device, said method com- 
10 prising: 



a step of coating a surface to be irradiated, with 
a photosensitive material; 
a step of effecting exposure of a predetermined 
pattern in said surface to be irradiated, coated 
with said photosensitive material, using the ex- 
posure apparatus as set forth in Claim 41 or 42; 
and 

a step of developing said photosensitive mate- 
rial on said surface after the exposure; and 
a step of manufacturing a device from the ex- 
posed and developed surface. 
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44. The method according to Claim 43, wherein said 
surface to be irradiated is a wafer surface and a 
semiconductor element is formed on said wafer sur- 
face. 



42. An exposure apparatus comprising: 

a laser oscillating apparatus, said laser oscillat- 
ing apparatus generating illumination light, 
said laser oscillating apparatus comprising a 
gas supply path structure group for supplying a 
laser gas, said gas supply path structure group 
being of a shape comprised of gas supply path 
structures of a convergent-divergent nozzle 
type connected in series, 

said gas supply path structure group com- 
prising: 

a fluid inlet into which said laser gas is 
made to flow; 

a central part for controlling said laser gas 
to a speed greater than a sound speed; and 
a fluid outlet of which said laser gas is 
made to flow out, 
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